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AppaiHtua for eatabBahlng brancti wella from a parent weU 



(57) A method and apparatus for creating multpie 
txanch vreUs from a parent well ia dlectoeed. According 
to a first ambod^nont of the Inventksn a mu!tip*e branch- 
ing sub is provided for placement at a branching node 
of a vveii Such eub includos a branching chamber (32) 
andapluraWyofbrBnchingoullrtmember8(34-38). The 
outlet members, during conrtmcCon of the branching 
sub. have previous^ been dtetorted into oblong shapes 
80 that ai of the braiKhrng outlet members fit within an 
Imatfnaiy cylinder which is coaxial wrth and substantial- 
ly the same radiua as the branching chamber According 
to one embodiment. Ihe distorted outlet members are 
characterized by an outer convex shape. In another em- 
bodimem, the distorted outlet members are character- 
ized by sn outer concave shape «^on in a retracted 
state. After deployment of the branching sub viaapareni 
casingiftlhewe^ afonnlnfl tool Is lowered to the interior 
of the sub. The outlet membere are extended outwardly 
by the forming tool and simultaneously tonned into sub- 
etantially round tuboe. Next, each outlet member is 
plugged with cement after which each branch weU is 
drilled thioojh a respective outlet member. II desired, 
each brmh may be lined with casing and seaied toa 
branching outlet by meane of a casing hanger. A mani- 
fold placed in the bcanching chamber controls the pro- 
ductlondeachbranchwrtltothe parent wel According 
to a second embodiment ol the invention, a pressure 
resistant branching sUb is provided w^ich may be in- 
stalled in series wfth a casing string, and the associated 
equipment used for the installation operation and inter- 
vention of a well. The branching sub includes a main 
pipe and a lateral outlet. 
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DMcrlptlon 

Ihis tnvenlion mates genaralV to the field of wells, 
particularly to ttw field of establishing branch wells from 
a parent hydrocarbon weO. More particularly the Inverv 
tion relates to estabiShind multiple branch wells from a 
common depth poir*, called a node, deep in the well. 

BACKGROUND OF THE INVENTION 

Muttipla wells hove been drilled from a common lo- 
cation, particutarty whOe drilling from an offshore plat- 
form where mu^pla walto must be drilled to cover the 
great expenses ol olshore drilling As ilustnted in Fig- 
ures 1A and ia sucti weds are drilled through a com- 
mon conductor pf», and each wall includes suftace 
casing liners. Memiadtate easing and parent easing as 
Is well known in the fiatd of offshore drUBng of hydrocar* 
ban wells. U.S. Patent 5.458.199 descrties apparahis 
and methods lor drVing multiple weto from a common 
weBbore st or near tie eurface of the earth. U.S. Patent 
4,573,541 deecrtMie a downhole take-off assembly for 
a parent welt whk:h inchides multiple take-off tiAes 
which communicate with branched wete from a com- 
mon point. 

Branch vmis are also known in the art of well driling 
which branch itsm multiple points In (he parent well as 
iHustratod in Figure 2. Branch wells ere created from the 
parent well, bu necessarily the parent well extends be- 
k2w the branchrig point of the primary watt. As a result, 
the branching weU is typfcally ol a smaller diameter than 
that of the primary well which extends bekiw the branch- 
ing point Furtiemm. difffeut sealing problems have 
faced tho art for eci^lshing oommunteatton between 
the branch wel and the primary wel. 

For exBn%)ke. U.S. Patent 5.998,648 describee 
methods relairg to well Juncture sealing with various 
sets of embodkner<s to accompfish such sealing. The 
disctosure of tre ^6^8 patent proposes solutions to sev- 
eral serious sea\mq problems Which are encountered 
when establis-^ing branches in a well. Such sealing 
problems relaie to the requirement of ensuring the con- 
nectivity of the branch casing liner wHh the parent casing 
and to maintairvng hydraulic isolation of the juncture un- 
der differential pressure. 

A fundanontal problem exists in establishing 
branch wells M a depth in a primary well In tat appare- 
tus for estabishing euch branch wells must be run on 
parent casmg whkiii must fit withia intermediate casing 
of the well. Aoco«*ngly, any such apparatus for estab- 
lishing branch wells must have an outer diameter whteh 
is essentially no greater than that of the parent casing. 
Fuithermore. ft b desirable that when branch wells are 
established, they hsve as targe a diameter as possible. 
StiU further, it is deseable that such branch welts be lined 
with casing which nray t>e established and sealed with 
the branching equipment with convenifanal casing 
hangers. 



An important object of this inventkx) isioprwUe an 
apparatus and method by vvhich multiple branches con- 
nect to a primary well at a single depth In the wel where 
the branch wells are controlled and sealed with respect 
5 tothe primary well with conventwnal Bner-to-casing con- 
nedions. 

Another Important objoct ol this invention is to pro- 
vkle a multiple outlet branching sub having an outer di- 
amater such that it may be am in a well to a deployment 

10 kxatkm via primary casing. 

Another object of this biventkxi is to prawde a mul- 
lipla outlst branching sub In which muhipte outlets are 
tabricfiled in a retracted state and are expandad while 
downhole at a branching depk>yment tocation to pro- 

is duB0 maximum brench well diameters ro«ffidedlo pro- 
vklB conventtanBl Iner-tocastng oonnactim 

Another ot^eet of this kiventkm Is to pRwkte appa- 
ratus for downhole axpanskx) d retracted outM mem- 
ben in order to direct each outlet Into an arcuala path 

» outwardly from the axis of the primary w«a and to ex- 
pmd the outlels Into an essentially round shape such 
that after a branch wen is drilled through an outM. con- 
ventnnal liner'^D-cBsing connectiona can be made to 
such ouHet members. 

25 

SUI^MARY OF THE INVENTION 

These objects and other advantages and features 
are provktod in a method and apparatus lor ostabltshing 
30 multiple branch walls from a parent wet A multiple 
branchng eub is provkJed for deployment f» a boreholo 
by means of a parent casing through a patent welL The 
bmhiig eub includes a branching eharrtber which has 
an open first end of cylkidrical shape. The blanching 
» ctafte has B second end to whfah branching outlet 
members are connected The fkat end is oonnacted to 
the parent weH casing \n a conventkxial mannar. euch 
as by threading, for deployment to a branctiing locatton 
in the parent wel. 
< Multiple branching outlet members, each of which 
is integrally connected to the second end cf the branch- 
ng chamber, provkle tlukl oommunicatan with the 
branching chamber: Each of the outlet members is pre- 
Idbricated such that such membeis are si a retracted 
45 posHkin for insertton of the sub into and dsHiO through 
the parent welltoadepkaymenl kxartton deep in tie welL 
Each of the multiple outlets is substantially tolaihf ^*»» 
an kmQinary cylinder which is coaxial witi and «l sub- 
slwitially the same radius as the first end the branch- 
SB ng chamber. Iheprefabricatton of the ouost members 
causes each outlet member to be transfomtad m croes- 
sactkinal shape from a round or ciroular shape to an ob- 
tong or other suitable shape such that iU outar profile 
fits within the Imaginary cylkuJer. The ouer profile of 
ss each outlet member cooperates with the cuter profiles 
of other outlet members to substantially fi the area ol 
a cross-section of the imaginary cylinder. As a result, a 
substantially greater cross-sectkmal area the multiple 
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outlet mombeni i» achieved wilhin a croee-eection oJ the 
imolnafy cylinder as ooippafed with a correapooding 
number of tubular mulllpte outlet menders oC circular 
croes-eeetion. 

The multiple outlet membeis are eonsinjcted of a 
material which may be plastically delomied by coW 
forming. Aformingtoollsusedl alter the mullv»e branch- 
ing sub is deployed h the parent wen. to expand at least 
one of the multiple branching outlet members outwardly 
from the connection to the branching chamber. Prefer- 
ably an of the outlet members are expended simuRane- 
ousiy. Simultaneousiy with the outward expansion, the 
muliple outiels are expended into a eubslantially circu. 
IV radial croee-eediorvl shape along their axial extent. 

Alter the muMpla outlet members which bnnch 
liom the branching chamber are expandea each of the 
inoWplebranchlngoulletsareplugged. Next, a borehole 
is drilisd through a setoded one of the multiple branch- 
kig outleu. A substantially round Nner Is pra¥ided 
through the selected branching outlet and into the 
branch well The Iner of dicular cross-section is seated 
to the selected branching outfat circular cross-eectlon 
by mem of a conventional casing hanger. A borehole 
and Iher Is estabfished for a plurality of the multiple 
branching outlets. A downhole manifold is instated in 
the branching chamber. Naxt multiple branch waits are 
completed. The production of each branch well to the 
parent wen is controlled with the manifold. 

The apparatus for expancfing an ouOet of the multi- 
ple branching sub includes an uphole power and control 
una and a downhole operational unit An electrical wire- 
Ine connects the uphole power and eontiol untt and the 
downhole operational unit The wirefine picvidee a 
physicel coonedlon for lowering tha dowihole opera- 
tional unit to the branching sub and provides an electri- 
cal path for transmission of power and bidirartlonal con- 
trol and status signals. 

The downhole operational unit Includes a fonriing 
mechanism arranged and designed for insertion in at 
least one retracted branching outlet member of the sub 
(and preferably into all of the outlet members at the 
same time) and for expanding the outlet member out- 
wardly from its imaginary cylinder at deployment. Pref- 
erably each outlet member b expanded outwardly and 
expanded to a ctrcular radial cross-section simullane- 
ousty. The downhole operational unit includes latching 
Sid orientation mechanisms ^ich cooperate with cor- 
responding mechanisms of the sub. Such cooperating 
mechanlsma allow the forming mechanism to be radially 
oriented within the multiple branching sub so that it is 
aligned wrth a selected outlet of the sub and preferably 
¥^ all of the outlets of the sub. The downhole opera- 
tional un» includes a hydraulic purtip and a head having 
hydraulic fluid lines connected to the hydraulic pump. 
The forming mechanism includes a hydraulically pow- 
ered forming pad. A telescopic link between each form- 
ing pad and head provides pressurized hydraulic fluid 
to the forming pads as they move downwardly while ex- 



pandirtg the outlet members. 

According to a second aftemative embodiment of 
the invention , a branching sub is provided which allows 
multiple branches from a parent casing without the need 

5 for seal'ng joints and which aHo^ the use of conven- 
tional well controlled liner packers and casing joints. The 
geometiy of the housing of ihe branching sub allows the 
housvig to achieve maxlmtsn pressure rating conskter- 
vig the size of the branch outlet with reganf to the size 

10 of the parent cashg. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objecte» advantages arxl features of the inven- 
IS tion will become more apparent by reference to the 
drawings whk^i are appended hereto and wherein an 
Mustratlve erhbodiment of tie Invention Is shown, of 
whicfii 

» Figures 1A and 1B ibstrale a prior art triple liner 
packed h a conductor casing tsmtination in which 
the outlet members are round during instafiatkin 
and are packed to fit wihin the conductor casing; 
Figure 2 illustrates a prior art parent or vertical well 

£S and lateral branch wefc whch extend therefrom; 

Figures 3A 38. and 3C ilustrats a three outlet 
tMWchir^ sub acooidhg to a first embodiment of 
the invention where Figure 3A is a radial cross-sac- 
tkx> through the branching outlets of the sub. with 

JO one outlet completely h a retracted poeitkm. with 
another outlet inaposifion between its rstracted po- 
sition and Its fully expanded positkxi. andths third 
outlet being in a fully sogianded posnkx). and where 
Figure 38 Is a radial cfoes-sectk)n through the 

95 bianchingoutletsofthesUbwftheachaftheoutiets 
lUUy expanded after daptayment In a parent well, 
and Rgure 3C is an axial cross-section of the 
branching sub showing two of the branching outlets 
fully expanded to a round shape In Which casing has 

40 beenwnintoabranchweaandeealedwithrespect 
to the branching outlea by means of conventtonal 
Kner hanging packers. 

Figure 4 Is a perspective view of a three eymmetri- 
cal outlet branching siA of a nrsi embodiment of the 
45 Mention wlh the ouiM branches expanded. 

Figures 5A. SB. 5C. and 5D iiustrate oonfiguratkyis 
of the flrat embodimeri of the Inventton with asym- 
metrteai branching outfels with at least one outlet 
havktg larger intamal dimenskxis than the other 
80 two. with Figure 5A beng a radial cross-sectkxi 
through the bianchingoutlatftakxig fine 5A-6A in a 
retracted posiUon. wift Figure SB being an axial 
cross-soctton through Ihe Inee SB-SB of Figure 5A, 
with Figure 5C being a radial crose-eection along 
SB (inee 5C-5C of Figure 5D wiOt the branching outlets 
in an expanded position, and with Figure 5D being 
an axial croes-sectton akxr^ lines 5D-5D of Figure 
5C with the branching outlets in an expanded posl- 
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tkan; 

Ftgures 6A4E itustrnte radial crosa-«8ctioos of 
several examplas of branching outlet configurations 
ol the branching «4ib according to the first onibodi- 
ment of the invenlioa with all outlet branchee fully s 
expanded from tfieir retracted state during deploy 
ment in a parent wen. with Figure 6A iOustrating two 
equal diameter outlet branches. Figure 6B ittustiat- 
Ing three equal diameter outlet branches. Figure 
6C. like Figure SC. Ihietratingthree outlet branches 10 
with one branch chaiactarized fay a targer diameter 
than the other two. with Figure 6D iBustrating four 
equal cfiametaroutlet branches, and with Figure &E 
ilustrating five oudet brenchee with the center 
branch being of smaller dianneter then the ether 
lour; 

Figures 7A-7E lustrate stages d SBcpending «ie 
ouUetmembeisof an expandable branching sub ac- 
cording k) «w inMMtton. with Figure 7A Itustrating 
.an axial crusa section olthe sub showing multiple » 
brmh ing oultato wih one such outlet in a retracted 
poeition and the other such outlet being ejqpanded 
starting with its connection to the branching head 
and continuing expansion downward^ toward the 
lower opening oflhe branching ouUets. with Ftgurs » 
7Biltustratingaradialcf08s-saction at axial position 
B of Figure 7A and assuming that each of three 
symmetrical branching outlets are being expanded 
simultaneously, and with Figuree 7C through 7E 
showing various stages of expanelon as a function 30 
of axial distance along the branching outlets; 
Figuree SA and 68 illustrate respectively In axial 
croeeeectton and a radial croes-section along lines 
8B-BB. latching Md orientation profiles of a branch- 
ing chamber oflhe branch»^ sub. and Figure 8A 38 
further iBustrales an extension leg and supporting 
shoe for deployment in a parent well and for provid- 
ing stability to ttM branching sub while expanding 
the branching outlets from their retracted posAion: 
Figure 9 schematically ttlustratee uphole and down- 
hole apparatus tor exparKling the branching outlets 
of the braiKhing sub; 

Figure 10 illustrates steps of the process d expand- 
ing and forming the branching outlets with a pres- 
sure forming pad of the apparatus of Rgure 9; ^ 
Figuree 11A-11H tlustrate steps ol an installation 
sequ ence lor a nodal branching s ub and tor creath g 
branch welb from a parent well; 
Figure 1 2 iHustrates a branching sub deployed in a 
parent well and further illustrates branch well liners so 
hung from branching outlets and still further illus- 
trates production apparatus deployed in the branch- 
ing sub for conirofing production from branch wells 
into the parent weft; 

Figures 1 3A snd 13B geometricatty illustrate the in- ss 
crease in branch woll size achievable for this inven- 
tion as compared with prior art conventional axial 
branch wells from liners packed at the end of parent 



casir>g: 

Fi^Moa 14A-140 are tllustralive sketches of nodal 
brmhing according to the inventkxi where Figure 
14A iSustratas establishing a node in a parent well 
and establishing branch weils at a common depth 
point in the parent weR, all of which communicate 
with a parent wall at the node of the parent well; with 
Figure 148 illustrating an expanded branching sub 
wTiich has had its branching outlets expanded be- 
yorvl the diameter of the parent casing and foimed 
to be substantiafiy round; with Figure 14C llustrat- 
'ng using a primary node and secondary nodes to 
produce hydrocarbons from a single strata; and with 
Figure 140 NlustrBting using an expanded brandv 
iHI «ub from a primary node to reach multlpie sub- 
lemnean targets; 

Figura ISA Mustratse a tm outlet verskm of a 
biBiMhing si^ anording to the first embodiment ol 
the inventten. with Rgures 158. ISB". 15C.end150 
ilustrating cross-secttonal profiles of such two out- 
let VBfBton of a branching sub with an alternative 
posMorming toolal vartous depth locattons in the 
outset members; 

Figure 16 iltustrates a two arm alternative verston 
of a poet-forming tod; 

Figures 17A-17D yiustrate the operatkan of such al- 
ternative post-forming tod; 
FigureslBA- 1 BE iHustrate a branching sub accord- 
ing to the first smbodiment of the invention with con- 
cave defonnatlon of the branching outlets; 
Figuree 1 9A - 1 9C llustrate an alternative actuating 
c^paratue according to the invention. 
F^iuree 20A and 20B llustfato a second embodi* 
menl of the Inventten where Figure »A is an exte- 
fior view of a branching sub with a main p^ and a 
tataitf branching outtot wid Figure 208 b an axial 
section view of such branching sub; 
Figures 21A and 218 are axial and radial section 
views of the branching sub of Figures 20A and 208 
but in a retracted state, and Figures 21c and 210 
are axial and radial section views of the branching 
sub of Figuree 20A and 208 in an expanded state; 
Figure 22 to a graph whfcii shows that the yieU 
strength of the housing malarial of the branching 
sub tocreases wtth the rate of deformation during 
mqpQfulnn^ 

Figure 23 isaschematicHtustration of the branching 
sub according to a eeoond embodiment ol the in- 
vention Where lateral or branch holes are created 
from the main body of the sub or subs to reach dis- 
tinct formations from one main borehoto; 
Figure 24 Ulustrates the use of a denecting tool 
wfach may be inserted wilhb the main pipe d the 
brvKhhg sub whereby a drilling tod whk:h enters 
from the top d the sub may be directed into the lat- 
eral outlet; 

Figure 25 illustrates two brar^ching subs connected 
in tandem with the tandem connection placed in a 
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«ories of casing links d a casing string: and 
Figures 26A and 26B iOustrate a cap whicfi may be 
welded across Ihe branching outlet in order to close 
it off for certain well operations. 

DESCRIPTION OF THE PREFERRED 
EMBODIMEr^S 

As described above, Figures 1A and 1B illustrate 
the problems with prior art apparatus and methods for 
establishing branch welsfromaparentwefl. Figures 1A 
and IB show radial and axial croes-eections of multiple 
outlet liners 12 hung and sealed from a large diameter 
conductor pipe 10. The oudau are round in orderto fa- 
clBtate uee oC conv e ntion al IninQ hanger packers 14 to 
seal Ihe outW linere 12lofcof!minicalion with the con- 
ductor pipe 10. The anangement of Figures 1 A end 1 B 
requires that multiple round outlets of diameter Do fit 
wRhlh the dtameterDalcfIhe conductor pipe 10. In many 
cases, especially vvhere the conductor pipe m ust be de- 
ployed Al a depth in the wbH, mher than at the surface 
of the well. H Is not feasWe to provide a borehole d suf- 
ficient outer diameter to allow branch well outlets of suf- 
ficient diameter to be installed. 

The technique of providing branch welb according 
tothe prlorait airangemenldepicted in Figure 2 creates 
branch wels 22. 24 from a primary well 20. Special seal- 
ing arrangements 26. unlike conventional casing hang- 
ers, must be provided to seal a lirwd branch well 2Z 24 
to the primaiy well 20. 

Description of Branching Sub According to a First 
Embodiment of the Invention 

Figures 3A. 3B, and 3C ilkistratB a branching sub 
30 according to the invention. The branching sub in- 
cludes a branching chamber 32, (which may be con- 
nected to and carried by parent well casing (See parent 
casing 604 of Figure 12)), and multiple outlet members, 
for sxanrvite three outlet members 34, 36, 38 illustrated 
in Figures 3A, 38. and 3C. Figure 3A Is a radial cross- 
section view through the branching chamber 32 twhich 
illustrates one outlet member 34 In a retracted state, a 
second outlet member 36 m the state of being expanded 
outwarcfly. and a third outlet member 38 which has been 
fully expanded out¥Wfdhr. (Figure 3A is presented lor il- 
lustrative purposes, because according to the invention 
it is pr^wf^ to expand and circularize each of the out- 
lets simultaneously ) In the retracted state, each outlet 
is deformed as shown paiticutarty for outlet member 34. 
A round tube is defonned such that its cross-sectional 
Interior area remains essentially the same as that d a 
circular or round tube, but its exterior shape is such that 
it fits cooperatively with the deformed shape of the other 
outlet members, all within an imaginary cylinder having 
a diameter essentially the same as that of the branching 
chamber 32. In that way the branching chamber 32 and 
its retracted outlet members have an effective outer di- 



ameter which alowe it to be mn in a parent weB to a 
deployment kxtfion while attached to a parent casing. 
Outlet member 34 in fts retracted state is illustrated in 
an oblong sh^. but other retracted shapes may also 

s prove to have advantageous characteristics. For exam- 
ple, a concave central area of defoonation li the outer 
side of a retracted outlet member rmy be advantageous 
to provide a sttfer outlet n>ember. Such deformation is 
progressively g^er and deeper starting from the top 

10 to the bottom d the outlet meni>er. 

Figure 3A tfiows outlet member 33 in a state of be- 
^g expanded in an arcuate path outwardly from the 
brmhrig chsnber 32 while simultaneously being 
founded by adownhole fonning-expanding tool that is 

IS deserted bekm The arrows labeled F represent forces 
behgapplM tram tie interior ol the oUlet member 36 
in order to expand that outlet member both outwardly In 
an arouate petfi away from t>ranching chamber 32 and 
to circularize I from its retracted state (as is the oondi* 

so tion of outlet mender 34) to Its expanded or fully de- 
ployed state lite outlet member 38. 

Figure 38 a a radial cross-section as viewed by 
lines 3B-3B of Figure 3C through the branching 6iA> 30 
at the level of outtet members 36» 38. Figure 3C Ulus- 

2S trates coovennonai casing liners 42. 44 which have 
been installed tfvough branching chamber 32 and into 
respective outtet members 36. 38. Conventional liner 
hanging packer 46. 48 seal casing liners 42. 44 to outlet 
membere 36, 38. As illustrated in Figures 38 and 3C. If 

90 the dbmeter Ds2 of the branching chamber 32 is the 
same as the diameter Ds! of the conductor pipe of prior 
art Figure 1 B. tien ttie outlet diameter 0^ of Figure 3C 
is 1. 35 trnes as great as the outer diameter Do of Figure 
1 B. The Knercross-eectionalarea of the sub of Figure 

M X is 1.82 tinveae ^eatas the Oner cross-eectional 
areaSoof Figwa 1 A. When fully expanded, the effective 
diameter of the expanded outlet members 34, 36. 38 ex- 
ceeds that of Vie branching chamber 32. 

Experimerts have been conducted to prove the f ea- 

40 ability of maoifacturing branching sub 30 with outlets 
in a retracted state, and later operationaily expanding 
outwardly and -ounding the outlets. 

Experiment Pfasa 1 

45 

Two casir^slzaB were selected: a first one, one me- 
ter long was 7 Mi diameter casing with a wall thiclcness 
of 4.6 mm; the second wae one meter long and was 7 
inch diameter casing with a wall thickness of 8 mm. A 

60 hydrauBcjackwasdesignedtorplacementinacasing 
tor expanding 1 Each casing was successfully pre- 
fomed mto an elipUcal shape. e.g.. to simulate the 
shape of ouilat member 34 in Figure 3A and reformed 
into drcutar shape whUe using a circularizing fonning 

« head with the jack. Circularityi like that of outlet member 
38 of Figure 3A was achieved with plus or tninus differ- 
ence from periact circularity of 2 mm. 
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Experiment Phase 2 

Two. one meter kjng. 7 Inch diameter. 23 pour>d 
casings were machined axially at an angle of 2.5 de- 
grees. The two casings were joined together at their ma- 
chined surfaces by electron beam (EB) welding. The 
johed casings were defonned to fit Inside an 11 inch 
diameter. The welding at the junction oC the two casings 
and the casings themselves had no visible cracks. The 
maximum diameter was 10.7 irwhes; the minimum di- 
ameter was 10.5 inches. 

a) Machineiy 

Before mitHng each easing at an angle cf 2.5 de- 
grees, a apmr was tsmporariiy welded at Is end to 
avoid poeaMe defbmwtlon during machining. Next 
each casing was machined roughly and thenfinishedto 
assure thai each machined surface was ooplanar with 
the other. The spacer welded at the end d the casing 
%vas machined at the same lima. 

b) Welding 

The two machined casings were assembled togeth- 
er with a pg. pressed together and carefully positioned 
to maintain alignment of the macWned surfaces. The as- 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds and the fig was removed. In an EB 
welding chancer, the two machined casings were spot 
welded alternately on both sidee to avoid posstole de- 
formation which oould open a gap between the two 
surfaces . Next e^outSOO mm ware EB weldadon one 
side: the oonMnatian was turned over and EB welded 
on the other aide. Fnaly the bottomd tie oombinatian 
was EB welded yid turned over again to complete the 
welding. The rasuH was satisfactory; the weld fillet was 
continuous without any loss of material. As a resuH. the 
two machined surfaces of the casings were joined with 
no gap. 

c) Defomnation 

Oefcxmation was done with a epecial jig ol two por- 
tions of half cylindera pushed against each other by a 
lacfcwmhaforcearaomeirlctans (66.000 pounds). The 
half cyGndere had an inaide diameter which was sUfi^ 
smaller than 11 Inchee. /jocordingly, the final diameter 
of the deformed assembly was leas than 11 inches when 
the junction was deformed. Pliers were placed inside the 
junction to aid deformation of the outlet where it is criti- 
cal: at the end of the tube where the deformation is max- 
imal. 

A large wedge with a 5 degree angle was installed 
between the two outlets to facilitate flattening them 
when deforming. The deformation started at the outlets. 
Force was applied on the pliers and sbnultaneousty on 
the jack. A force of about one ton was continuously ap- 



plied to the pliers; the outside Pg was morad down in 
steps of 125 mm: at each step a force of IS nMlric tons 
(33,000 pounds) was applied. The operakan was re- 
peated with a force of 20 metric tons (44 .000 pounds). 
5 and the end of the outlets started to flatten on the wedge. 
The process was completed at a force of 20 metric tons 
(66.000 pounds). The resulting deformec sroduct was 
satisfactory. 

It is preferred to modify the shape di the pliers in 

10 such a way that the pQers deform the arttel with a 
smooth angle and to weld the wedge afterdafonnation, 
rather than before, and to weld tl by using ten large 
wedges on each side ot it to avoid a Inegativo* defor- 
mation of this area. 

15 Experiment Phase 2 was conducted asecond time, 
but with a steel sheet metal stiflener weitiBd aiong the 
EB welds of both s ides of the junction of the two casings. 
The junction was deformed as in Experinanl Phase 2 
to fit within an 11 inch diameter. A jade aith a force of 

20 30 metric tons (66.000 pounds) was used. Piers, as for 
the first junction, were not used, A large w edg e was 
used for the first junction with a 5 degree an^ cut in 
two and installed on each side of the weWbd >««dge be- 
tween the two outlets to facilitate flatteningaf the outlets 

25 when delorming. The deformation started at the outlets 
and contnued toward the junction. This cper^on was 
repeated with a force ol 30 metric tons. T-ie end of the 
outlets started to flatten on the wedge. Th£ portion most 
difficult to deform was around the junction sf the casings 

30 %Mhere the outlets are complete inside hit welded to- 
gether. Where the welded surface is between the top of 
the Inside ellipse and the top of the outsiOa a^ise. As 
a result of this experiment, a higher capabty jack of SO 
metric tons force was provided. 

35 

Experiment Phase 3 

AfuH length prototype with two 7 inch casings con- 
nected to a 9 5/8 inch casing was maaiactured and 
40 preeeureteeted Testing stopped at 27 ba-t)«ausede- 

fomfiation was occurring without pressure /ariation. 

a) Machining 

45 Machining was perfomied in the sarm vsy as for 
the two previous junctions except that thelens^ d the 
cashgs was 1.25 meters instead of 1 me^m, and a 
groove was machined around the elliptic^ ptxMe to en- 
hance the EB welding process. AddHionaty. a ttnd hole 
so ^machined on the plane of the cut off och casing to 
instan a ph between the hwo casings to iircRnde better 
positioning. The upper adapter was mactwied out of a 
solid bar of steel on a numerically oontrolied mfling ma- 
chine to provide a continuous profile t>ehMen the 7 inch 
55 casings. withai5dagreeangle.andtheSS«inchcas- 
ing. The adapter was machined to accesf a plug. The 
inner diameter of the lower end olthe 7 mch casings 
was machined to accept the expanding pugs. 
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b) Welding 

ttie two machnod casings were assembled togeth- 
er with a jig and pressed together. The assonnbly was 
then fixed loQethor by several spot TIG welds and the 
jig was removed. In an EB chamber, the two parts wore 
EB spot welded ahemately on boih sides to avoid pos- 
sible deformalioa Then the two casings were EB weld- 
ed on one aide; the assembly was turned over and EB 
welded on the other side. The asaembled casings vwre 
Joined satisfactorily- An adapter was then TIG welded 
on the assembled casings as weO as a wedge In be- 
tween the 7 Inch casings. 

c) Pressure Teeing 

Deformation dving pressure testing waa measured 
using two linear polentiometera placed on the EB weld. 
The pressure was incrsasad by steps ol 5 bar. and the 
value of the potentiometer was raooidad at atmospheric 
pressure, at the given pressure, and when returned to 
atmosphenc pressure. As a resuttcf such pressure test- 
ing, it was detemiinBd that the total plastic deformation 
of the casings near their junction was 4.7 mm and out- 
wardly of their lunction was 3.7 mm. 

Experiment Phase 3 showed that the deformation 

at 27 bar was too tiigh. Novertheless. the deformation 
was localized In a small area. The upper adapter and 
the large casing welding act as stiffeners. It was deter- 
mined to add a stilener in the plane ol welding which 
can be 'anchored* in the area of tow deformation. 

Experiment Phase 4 

A full length pmto^ wBh iwo 7 inch casings (9 
mm th ickness) connsctsd to a 9 5/8 inch casing was da- 
formed to fit Inside a 10.6 inch cylinder. This delonnation 
was perfonned using the san>e jig used for Experiment 
Phase 3. but with a jack with 50 metric tons capacity 
Instead of 30 methc tons. 

a) Oefomiation Jig 

The deformation jig was modified to accept a higher 
deforming force and the bar which supports the fixed 
half shell was reinforced The jig was bolted on a frame 
and a crane was irxduded in the frame to I W the junction 
and displace It dumg the deformation process. 

b) Deforming Process 

The change of dimension of the joined casing dur- 
ing deformation was measured using a sUding gauge. 
Such change of dimension was measured before apply- 
ing the pressure, under pressure and after releasing the 
pressure. Defom«i)on started at the middle of the junc- 
tion where it is stiflest and continued toward the ends of 
the outlets because the deformation must be larger at 



the outlets. The detormalion on the bottom of the jura- 
tion was too high on the first run and reached nearty 10 
Inches. At the mIdJe of the junction, the deformation 
was about 10.6 Inches. Except for the bottom end which 

5 was deformed too much with negative cun^re around 
the wedge, the remainder of the {unction stayed around 
10.6 nches. The maximum pressure applied was 670 
bar which required a force of 48 metric tons. For joining 
and deforming casings of thidcer tubes, the jig must be 

10 rebuilt to accept targe deforming forces. 

c) Conclusion 

The deformation of the prototype of Experiment 
IS phase4wasconductedaas(lywTththenewjig.Thecas- 
ings were reopened to the original shape. 

Figure 4 la a perepertive view of the branchhg sU> 
30 of Figures 3A. SB. 3C where the branching sub is 
shown after exp^wbn. Threads 31 are provided at the 
20 top end of branching chamber 32. Threads 31 enable 
branching sub X to be connected to a parent casing tor 
deployment at a subterranean location. Outlet members 
34. 36. 38 are shwwi expanded as they would look 
downhole at the end of a parent wefl. 
2S Figures 5A-5D dtustrate an aJtamative three outlet 
branching sob 301 aoco«Jlng to the invention. Figures 
5A and 5B illuslraie in radial and axial croes-eaclion 
views the sub 301 h its retracted position. CXitle! mem- 
bers 341 . 361 and 331 are illustrated with outlet mentber 
30 361 being dbout equal to the combined radial cross-eec- 
tional area of outia members 341 and 381 combined. 
Each of the outlet members are deformed inwardly from 
a round tubular shape to the shapes as illustrated m Fig- 
ure 5A whereby the combined deformed areas cf outlet 
95 members341. 361 »id 381 substantially fill the ctreular 
area of branching cf^riber 321. Other defomiation 
shapes may be atfvamtageous as mentioned above. 
Each deformed shepe of outlet members 341 , 361 and 
381 of Figure 5A Is sharacterized by (for example, of the 
40 outlet mechber 341 a circular outer section 342 and one 
or more connectir.- non-circular sections 343. 345. 
Such non-circular sections 343^ 345 are oooperatively 
shaped with sectioft 362 of outlet member 361 and 382 
of outlet member 3sl so as to maximize the internal ra- 
45 ctelcross-sectionalarBasof outlet members 341, 361 

and 381. 

Figures 5C and 5D Oustrata the branching sub 301 
of Figures SAaid SB aner its outlet members have been 
fully expanded after deployment in a parent wel. Outlet 

80 members 361 and 381 are illustrated as having been 
simultaneously expanded m a gently cunring path out- 
wardly from the axis of bfartching chamber 321 and ex- 
panded radially to tsrm drcuiar tubular shapes from the 
deformed retracted staia of Rgures 5A and 5a 

BB Figures 6A-6E show in echammic form the size of 
expanded outlet nembers as compared to that of the 
branching chambe-. Figure 6A shows two outlet mem- 
bers 241, 242 whi:h have been expanded from a de- 
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lormod rotractod state. The diametere ol outlet mem- 
bers 241 and 242 aie tObetantialV greater in an expand* 
6d stale ns corded to their dicular diameterB if they 
fxnjid not be expanded. Figure 6B repeats the case ol 
Figure 3B. Figure GC repeats the uneven triple outlet 
configuration as shown in Figures 5A-50. Figure 6D \\- 
tustrates four eiqpandable outlet members from a 
branching chanber 422. Each of the outlet merrtbers 
441 , 442. 443. 445 are cf the same diameter Rgure 6E 
lllustratae five outlet members, where outlet member 
545 is imallef than the other tour outlet members 541» 
542. 543^ 544. Oudst men*ef 545 may or may not be 
deformed In the retiactod state o< the branching sub. 

Description of Me«ttd lor Expandirtg a Def^^ 
Retracted OuUetMennber 

Figuree 7A*7E lluauBte downhole Ibrming heads 
122. 124. 126opeMtangal vaiiouedeplhs inoutletmem- 
bers 30. 34. 36. As shown on the right hand side of Fig- 
ure 7A. a genemfaed forming head 122 is shown as it 
entarsadaformed retracted outidtmenter.for example 
outlet member sa at tocatkn a Each of the forming 
head6l22. 124, 126 has noiyat reached an outlet mem- 
ber, but the heads haMte already begun to expand the 
outlet waO of biBndtng chamber 32 outwardly as Hhis- 
trated in Rgure 7B. The fomiing heads 122. 124. 126 
continue to expand the outlet members outwardly as 
shown at location C. Tigure 7C ahows the f onning heads 
122. 124, 12B expanding the outlet members outwaidly 
whOe simultaneously cveulafizing them. Forming pads 
123, 125. 127 ara forced outwardly by a piston In each 
of tie forming heads 122. 124. 126. The fonwng heads 
•imultaneously bew against central ¥a1I region 150 
which acta aa a Psaction body eo aa to simultaneously 
axpandwidformlhaaudatmemberaSe. 34. 36 while 
batemng reactive forces whBa expanding. Figures 70 
and 7E iflustrate tfie fomiing step at locations D and E 
of Figure 7A. 

Figures 8A a^ BB illustrate an axialty extending 
slot 160 in the branching chamber 32 of branching sub 
30. Such slot 160 cooperatea with an orienting and 
tatch'ng sub of a downnola forming tool for radial posi- 
tionhg of such orienting and talcNng sub for forming and 
expanding the mutipla outlet members downhole. A 
notch 162 in branching chan^ 32 la ueedtolatch the 
downhole fonningloolallapradelemtinedaxiai position. 

An extension leg 170 prpiecledownwardhf from the 
central watt region 150 ol branching aub 30. A loot 172 
is carried at the end ol extension leg 170. In operation, 
foot 172 ie lowered toihe bottom of the borehole at the 
deployment location. It provides support to branching 
sub 30 durng fomiing tool expanding and other opera- 
tions. 



Oescrlplion of Fomiing Tool 

a) Oesonption of Embodvnent of Figures 9. 10 

s Figures 9 and 10 illustrate the fomwng tool used to 
e)qml multiple outlet members, for example oatJet 
mffnbers 34. 36, 38 of Rgures 3A. 38, and 3C and.=ig- 
ures 7a 7C. 7D and 7E. The formiig tool includes up- 
hob apparatus 100 and dowrhoia apparatus 200. The 
10 tjphoie8«]paratus 1 00 indudes a convenlionat computer 
1 02 programmed to control tetemetry and power supply 
urrb 104 »id to receive commands from and (fiepiaj^ in- 
foiffiatnntoahumwi operator. An uphole winch un&t 06 
has m eiacthcal wireline 110 spooled thereon forlbw- 
IS erii^ downhole apparatus 200 thfouc^ a parent wal 
cashg aid Mo the branching charrber 32 of a iMBKlv 
hg sub 30 %vhich Is connected to and eamed at theend 
of fte parent casing 

Tha downhole appaialus 200 includes a conm- 
20 tional cable head 202 which provides a 8(rengtVelBCtri- 
ca< eorvwction to wireline 110. A telemetry, power ajp> 
pias ml controla module 204 Includes conventior>d te- 
lemetry, power supply and control eircuHs which f undksn 
to conxnunicate with uphole computer 102 via wimine 
2S mmJ to provide power and control signals to dDMTv 
hcte modulee. Hydraulic power unit 206 includes anarv 
ventiontf electrically powered hydraulfc pump lor aro- 
duang downhole pressurized hydraulic fluid. An orent- 
ng and talching sub 206 includes a latching device 210 
30 (s£hen«licallyllustrated) tor fitting within notehia erf 
brrcheig chamber 32 of Figure 8A and an orientir^de- 
VBS 212 (schematically aiustrated) for cooperating with 
siDi 160 of blanching chamber 32. When the downwlB 
appersriUa 200 is lowered Into branching sub 30. oiisnt- 
9S figdevtoo 212 enters the Slot 160 and tie d«inholaap- 
paotua 200 Is further lowered until the latching dnica 
2111 enars and latches within notch 162, 

FbcBd traveling head 213 provides hydraulic luid 
conmunicatlon between hydraulic power unit 206 and 
40 th6trBvottngforminghead8l22.124.126.forexan3le 
Teescooic linlcs 180 provide pressurized hydraulic luid 
to :ravo4ng fomiing heads 122. 124. 126 as the heds 
122, l24,126movedownwafdlywrthlnthemulltpteaU- 
tei mentjere. lor example outlet members 34. 36. a 
45 F©ifes7B-7E. Monitoring heads 182,184. iBearepio- 
vitod to determine the radial distance moved altera* 
dally fomiing an outlet member. 

Fqure 10 niuetrBtes traveling forming heads 126, 
1 di. 1 22 in different stages of forming an outlet mertoer 
80 ol ftrwhing sub 30. Forming head 126 is Shown in out- 
let mmiMr 36. which Is iHustrated by a heavy fine bribre 
radial tomiing In the retracted outlet member 36. The 
odlet mamber is shown In light Hnea 36*. 36'. ii4ien tha 
oM. member ie depicted as 36' in an intem«diaiB 
ss aagaol forming and as 36' In Its final formed stasa. 
Tha torming head 124 Is shown asHisrafially larm- 
hg retiacied outlet member 34 (in light line) to an mer- 
n«diale stage 34*. A final stage is lllustiated as dnular- 
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bed outtot memb«r34*. Ihe formino head 124. lito the 
other t¥wfomttngh«d8 126. 122. inctudesapteton 151 
on which loffDhg pad 125 is mourtted. Pl«too 151 is 
lofced outwardly bf hydraulic ftuid applied to opening 
hydraulic line 152 and is loccod inwardly by hydraulic B 
fluid applied to closing hydraulic tine 1 54. A caliper sen- 
sor 1B4 is provided to deiarmine the arrxxjnt of radial 
travel o( piston 151 tfid forming pad 125. for exampis. 
Suitable aeab are provided between the piston 1 51 and 
the forming head 124. 

The tomiing head 122 and fomiing pad 123 are Il- 
lustrated In Figure 10 to indicate that under certain cir- 
cumstctfices the shape of the outlet member 38 may be 
"over expanded* tocreate a slightly oblong shaped out- 
tet.auchthalwhenfa4altermingto«sefromlomw>gpad >5 
123 vid forming head 122 to removed, the outlet wil 
•pdng back into a cacutar shape due 10 residual elastic- 
tty or the steel oudai member. 

At the level of tie bmnching chamber 3^ forming 
heads 122« 124. 126. bafance each other against the » 
leacUonfofceewMs forcing the watts of the chamber 
outwardly. According^ «w forming heads 122. 124. 126 
are operated ewnutaneousty. for example at level B of 
Figure 7^ wWlo forting the tower end cjI the wall of the 
branchingch»nber32outwardly.Whenaforminghead ^ 
1 22 enters an outlet member 38 for example, the pad 
reaction forces are evenly supported by the central waB 
region 1 50 of the branching chamber 32 The telescopic 
llnka 180 may be retated a amaO amount eo that the 
fanning pads 127. 125, 123 can apply pressure to the 
right or left from the nonnal axis and thereby improve 
the roundness or caculBfiiy of the outlet members. After 
a fomiing sequence is performed, for example at loca- 
tion D ki FIgureTA, tie pmsaurn to released from piston 
151. md the teleecopic linka 180 lower the fonning » 
heads 122. for example, down by one step. Then the 
pressure is rtfsed agan for forming the outlet members 
and eo forth. 

The oorrv)Ositian of the materials of which the 
branchhigsubSOisconstnicledieproferabVofanalloy ^ 
steel with austentc structure, such as manganese 
steel, or nickel alto^s such as 'Monel* and tnconel' se- 
ries. Such iraterfalsprovkto substantial plaslicdafomia- 
tion with cokf fomiing thereby providing strengthening. 

45 

b) Deecrfptkm of AtemaCiva Erhbodimentol Figures 
15A-150. ieandl7A-17D 

An attemative posl4orming tool Is Blustratad in Fig- 
ures ISA. 1 SB. isar. 15C, 150, 16, and 17A.17D. The » 
post-ldnning tool ISOO is aupported by common down- 
hole con^entsof Figure Oindudingac^e head 202. 
telemetry, power su^^Hm and controls module 204. hy- 
draure power unit 2)6 and an orlenUng and latching sub 
208. Figure ISilluslratealhalpoai-formlngtoollSOOin- « 
etudes a travel actuator 1S10. A piston 1512 of travel 
actuator 1510 moves from an upper retracted position 
as shown In Figure 1 7A to a kwer extended position aa 



shovm in Figures 17C and 17D. Figure 17B shows the 
piston 1512 in an intermediate position. Piston 1512 
moves to intennediate posilcrw depending on Ihe de- 
sired travel positiorts of forming heads in the outlet mem- 
bers. 

Figures 16 and 1 70 Hustrate a two forming head 
embodiment of the post-lofming tool 1500 where two 
outlet members (e.g. see outlet members 1560 and 
1 562 of Figures 1 5A-1 50) are illustrated. Three or more 
outlet members may be provided with a corresponding 
number of forming heads and actuators provided. Links 
1514 connect the piston 1512 to actuator cylinders 
1516. Accord'ngly, actuator cylnders 1516 are forced 
downwardly into outlet marhbers 1560. 1562 aa piston 
1512 moves downwardly. 

Actuator cylinders 1516 each include a hydraufcal- 
ly driven piston 1518 which receives pressurized hy- 
draulic fluid from hydraufc power unit 206 (Figure 9) via 
travel actuator 1510 and inks 1514. The piston 1518 is 
In an upper posltkxi as iustrated In Figures 17A ard 
1 7C and in a tower pofiitkxi as illustrated in Rgures 1 7B 
and 170. 

The actuator cylinders 1516 are pivotaOy linked via 
links 1524 to forming pads 1520. The pistons 1518 are 
finked via rods 1526 to expanding rollers 1522. As 
shown in Figures 17Aand ISBT. the forming pads 1520 
enter an opening of two retracted outlet members as il- 
lustrated in Figure 158. The expanding rollers 1522 and 
torming pads 1 520 are in a retracted position within re- 
tracted outlet members 1560. 1562. 

The piston 1512 is stroked downwardly a small 
amount to move actuator cylinders 1516 downwardly a 
small amount Next, pistons 1518 are strolced down- 
wardly causing expanding rollers 1522 to move along 
the inclined interior face of fomfiing pads 1520 causing 
the pads to push outwan^ against the Interior wafts of 
retracted outlet members 1560. 1562 unt8 the outlet 
members achieve a ciicuJar shape at that level. Simul- 
taneously, the outlet members are forced outwardly 
from the axis of the multicle outlet sub 1550. Next the 
pistons 1518 are stroked up>^3rdly, thereby returning 
the expanding rollers 1 522 to the positwns as shown in 
Figure 1SC. The piston 1512 is stroked another smaO 
distance downwardly thereby moving the forming pads 
1 520 further down into the outlet members 1 560, 1 562. 
Again, the pistons 1518 are stroked downwardly to fur- 
ther expand the outlet members 1560. 1562 outwardly 
and to circularize the oudsts. The process is continued 
until the positiona of Figures 1 50 and 170 are reached 
which lUustrate the position of the fomwig pads 1520 
and achiator cylinders 1 516 at ihe distal end of the mul- 
tiple outlet members isea 1562. 

Oescript'ion of Method for Providing Branch Walls 

Figures 11A-11H and Figure 12describe the proc- 
ess for establishng branch wells from a branching aub 
aoinawell. The branching sub 30 isilkistraiedashaving 
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three outlet fnembere 34. 36. 38 (per tie example of Fig- 
ures 3A, 38, 3Cand Fl9uree7A-7E) but any number of 
outtete may also be used as ilustialed in Figures 6A> 
6E. Only the outlets 38. 36 are iusMed from the axial 
croee^ecilonal vlawe presented but of couree a third 
outlet 34 exlsu for a three outM example, but H is rxsl 
visible w\ the views of Figures il A>11 H or Rgure 1 2. 

Figure 11 A shows that the branching sub 30 is first 
connededtothe kiwer end of aparent easing 604 which 
is conveyed through intermsdale casing 602 fif 
present). Intermediate casing 602 biee the vmUbore and 
te typically run through surface casing 600. Surface cas- 
ing 600 and intemnediate C8sir« 602 are typically pro- 
vided to ine the weltoorei The parent casing 604 may 
be hung from intemtediate casing G02 or from the well- 
head at the su (face of the earti or on a production plat- 
form. 

The outlet merhbers 36, 38 (34 net shown) ate in 
the retraelad poeftion. Stoiieo arxl notch 162 are p(o- 
videdinbrBnchingchanter32ofbianchingsub30(see 
Figure 12) to cooperate with orianiting device 212 and 
latchkig devbe 210 of orienting and latching eub 208 of 
downhole apparatue 200 (See Rgure 9). When the par- 
ent casing 604 is set downhole, the branching sub 30 
nrwy be oriemed by rotating the parent casing 604 or by 
rotating only the branching sub 30 where a swivel joint 
is installed (not Illustrated) at the connection of the 
brm^hing eub 30 with the parent weH casing 604. The 
orienting process may be moniored and controlled by 
gyroscopic or inclinometer sunwy methods. 

Oescilption of Alternative Embodknent of Figures 18A- 
16Fand19A-19C 



Figures 1BA-1BF iRustiate concave deformation of 
outlet msmberB In a retracted stats ef a bcanching sub 
according to an altemalive embodiment of the Invention. 
The outlets are shaped similar lo that of a ruled surface 
shell. Concave deformation retracted outlet mem- 
bers, under certain circumstances, provides adirantag- 
es for particular outlet arrar^gements. especially for 
three or more outlet nodal junctions. 

Figure 18A iltustmtes, in a radial cross section 
through Ihss 1 SAof the branchhg chamber 1821 . of the 
branching sub 1850 of Figure 18B. that the outlets have 
a concave shape. Stiffening stnjcture 1800 le provided 
at the juncture of each outlet member 1 881 . 1842, 1 861 
with its neighbor. As a result the af»a that is capable of 
plastic deformation is reduced as the number of outlets 
Increases. Providing the retracted shape of the outlet 
merribers. as in Figures IBAand 188, allows minimiza- 
tion of the area to be deformedl and simultaneously re- 
spects the principle of defomBtion of a ruled surface 
shell that allows expansion tjy poet-focming with a min- 
imum of energy required. Rgure IBA llustrates an en- 
velope 1 81 0 olthe overall diameter of the branching sub 
1850 when the outlet membe-'s 1881, 1842, 1861 are 
retracted. The arrow 1806 points to a circled area of 



structural relnforcemsnt Arrow 1804 points to an area 
of concave defoimation of the outleU in branching 
chamber 1821. 

Figure 18C illustrates the branching sub 1850 at a 
s longitudinal position at the junction of the outlet mem- 
t>ers with a radial cross section through lines 1 8C of Fig- 
ure 18B. Arrow 1 61 0 points to the outer envelope of the 
branching sub in its retracted stats. Figure 16D illus- 
trates the branching sub 1 850 near the end of the outlets 
to while in a retracted state. Arrow 1810 points to the outer 
envelope of branchirtg sub 1850 In the retracted state, 
while arrows 1881'. 1842* and 186 V point to dashed line 
outlines of the outlet membeni 1881, 1842 and 1861. 
respectively, after saqpension. 
IS Figures 16E and 18F Illustrate the branching sub 
1850 In an expanded state where Figure 1BE is a radial 
oose section of throuc^ the outlet members at the end 
of the outlet Arrow 1810 points to the outer envelope gI 
the branching sub 1 850 when in a retracted state; arrow 
» 1810* pointatotheouter envelope whentheoutletmem- 
bars 188V. 1842* and 1861* have been expanded. 

A preferred way of placing the outlet members 
1881 , 1842, 1861 Into the retracted state ol Figuree 18A- 
18D Is to oonstnict the sub with the geometry of Figure 
» 18E and apply concave pTiers along the vertical plan cf 
axis symmetry of the junction. The deformation is pro- 
greseively greater and deeper starting from the top of 
the outlet members (Rgure 18A) to the bottom of the 
outlet membeiB. The entire |unction of outlet members 
90 1881. 1842, 1861 to branching chamber 1821 prefera- 
bly includee welding of super plastic materiats such as 
nidtel-based alloys (Monel or Inconel, for example) in 
the defbmied areas and matofials of higher yield 
strength in the non^eldnnad part of the branching sub. 
9$ Election beam weldbig to a preferred method of welding 
thaoonvoeHeehelof the branching eub. because elec- 
tron beam welding minimizes welding induced stresses 
and allows joining of sections of different compositions 
and th'idc waUs with minimum loes of strength. 
40 Figuree 19A, 19Band 19C illustrate a post-torming 
tooll926similartolhepoet4ormingtoolofFiguresl5ff- 
150 and 16 deecribed above. An actuator eonde (not 
shown) supports ths post-fomiing tool 1926 including 
actuator 1910. push rod 1927, andfomung roHers 1929. 
45 Figure 19A shows an axial section schematic of the 
post-fonning tod 1926 operating in one outlet member 
1881 of branching sub 1B50 when It be^ to expand 
such outlet member. RgurolOBiUuetratesaeimllaraxlal 
section where actuator 1910 has been etrokedoulward- 
so ly to force push rod 1927 and traveling lonnkig head 
1928 downward, with fomiing rollers 1929 expending 
outlet member 1881 outwardly wAtile simultaneously 
roundkig it Figure 19C shows a vertical croea section 
through the branching sub 1850 with a travslingfomikig 
ss head 1928 VI each of the three outlet merhbere 1881. 
1842. 1861. Fomiing roMers1929forcetheooncavepor- 
ticn of outlet members 1881. 1842 and 1861 outwardly 
while support rollers 1 931 are supported against stiffen- 
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ing siructure IfiOO. Pu«h beanw 1933 provide a frame 
far rolationally suppofting formlnfl rollere 1 929 aod «^ 
pofi rollefs 1931 . Spfinos and linkages (not lllustr^ 
are provided among push beams 1933. forming rotors 
1929, and support foitefs 1 931 to insure that all mwrtng 
parts retract to a top position so thai the overall tod di- 
meter collapses to the diameter of the branching cham- 
ber 1B21 (Figure 168) of the branching sub 1850. 

In operation, the traveling lonning head 1 92B d Fig- 
was 1 9A-1 9C foltowt a sequence of steps similar to tel 
described above %vilh respect to Figures 17A-17D. The 
poel-tomihg tool l926taconveyed by means of a»iro- 
bw and Its associatad aonde with cable head, teiem^ 

power stvpfiea and oontiols sub. hydraulic power mil. 
wd orlsntino and WcWng sub, and b set so thai t« 
Kluator191 0 seats aboM the top of the junction d nif- 
enhig stnidurs leoa Tha tfavelng focming head 1988. 
oomprisino push beams 1933 carrying fbfmhg rofcr* 
1929 wid support foHefS 1931. is pushed downwanfly 
by powering actuator 1 9 1 0 so that the expans ion d each 
outlet mefriber(e.g.. 1881. 1842. 1861) begins at its top 
end where ft exits iiom the branching chamber 1 82 1 and 
oonlimisa to the lowar end d each outlet member. This 
eaquence b repeated until the proper drcular shape is 



Figure 11 B Illustrates the forming step descrtsed 
tfiova with forming heads 122. 128 shown lonning out- 
let members 38, 36 with hydraulic fluid being provited 
by telescopic links 180 from hydraulic power unit 206 
and fixed travelino head 2ia THe outlet membe rs 36. 
3B are rounded to maximize the diameter d the braich 
wens and to cooperate by fitting with Oner hangers or 
pockars h lha stopa described balow. The forming «Bp 
of Figure 11B also strengthens the outlet members 36, 
as by their befcigcdd lonned. As described above, the 
pf«larvad mtfarial or the outM members 36. 38 d the 
branching sub Is alloyed steel with an austenltfc rtruc- 
ture, such as mangaiese sted. ¥*iteh provWes si Atfan - 
tal plastic defomwtion combined with hig^ strangiren- 
r»g. Cold fonnhg (piastk: deformation) d a ntekal ellay 
s:eel. such as Incond', thus increases the >'eld 
suengih d the base material at the bottom end d ihe 
branching chamber 32 and In the outlet members 36. 
3B. The outlet members are formed into a final g^*"^ 
tiBliy circular radial cross-secttan by plastic detomidion. 

As described above. H is prefarred under mort cav 
cSikjrw to convey and oontrd the dowrthole forminB ap- 
paratus 200 by means of wirelina 110. but under cartaii 
oondHltans. e.g., under-balanced welbore condtions. 
(or in a hi^ly deviated or horiwxital weH) a coiled ttAing 
equipped with a wireline may reptee the wireline alona. 
As illustratod in Figure 11B and descrtied above, the 
downhoie tomiing apparatus 200 is oriented, sad and 
tocKad into the branching sub 30. Latching devk» 210 
mps into notch 162 as shown in Figure 11B (see also 
Ftgur© 12). Hydraulfc pressure generated by hydraulic 
power unit 206 is applied lo pistons in forming heds 
1 22. 126 that are supported by telescopic linlcs 180 Af- 



ter a forming sequence has been pertomed ttte pres* 
sure is released from tha pistons, and the telescopic 
links 180 tower the forming pads dow by one step. 
Then the pressure is raised again and so on until the 
5 forming step is completed with the outlet menlbers cir- 
cularized. After the outlet members are axpanded, the 
downhde forming apparatus 200 is reroved from the 
parent casing 604. 

Figures 1 1 C and 11 D illustrate the smarting steps 
10 for connectir^g the parent casing 604 anit (he branching 
sub 30 Into the well Plugs or packers BDO an installed 
Into the outlet merr^ers », 38. The pretarrBd way to set 
the packers 800 ia with a multiple head titoger 602 con- 
veyed either by cementing string 604 oracoied tubing 
IS (nd illustrated). A mul^ple head sdngernAaSes multi- 
ple heads each equipped wfth a cemeKilngftMr shoe. 
The stinger 802 is latdMd and oriented wthetacandting 
chani>er 32 d branching sub 30 in a nanner similar to 
that descriied above with rasped to F^tf* ^B. As I- 
20 mstratedm Figure 11 D. cement 900 is iwjertad via the 
cementing string 804 into the packers 80D, and after In- 
flating the packers 800 ftows through cawrantional 
chock vahres (not shown) into the annuUs otfislde par- 
ent casing 604, indudng the bottom bfaxhhg section 
» 1000. Next the cementing string 804 is ?ulledoutd Ihe 
hole after disconnecting and leaving ^acfcore 800 in 
ptace as shown in Figure 11E. 

As shown h Figure 11 F. individual trancti wells (e. 
g. 601) are selectively drilled using any 3uit;A)le drilling 
M technique. After a branch well has beerr (Med. a liner 
605 is installed, connected, and seatad in the outlet 
member. 36 for example, with a conwntianal casing 
hanger B06 at the outlet d the branching srib 30 (See 
Figures 11G and 11 H), The Sner may be conwrted (as 
JS Ohjslrated in Figure 11Q) or it may be fetriwable de- 
pending on the producflon or injection lafamrteis. and 
a second branch well 808 may be drilU as Ikistrated 
in Rgure 11 H. 

Figure 12 illustrates completion d brarich wells 
40 from a branching sub at a node d a parent wel having 
parent casing 604 run through intomieaate casing 602 
and surface casing 600 from weliheai 510. As men- 
tioned above, parent casing 604 may bs hung from in- 
termediate casvig 602 rather than from Mitraad 61 0 as 
45 iilustratad. The preferred method of cortpletino the well 
ia to conned the branch weHs 801. BOB to a downhoie 
manifdd 6 1 2 sot In the branching chamhar 32above the 
Jundton d the branch wells 801. 606. The downhoie 
madfdd 6 1 2 Is oriented and latched in faranching cham- 
so bar 32 in a manner similar to thai d rhe^amMo form- 
ing tod as Illustrated in Figures 8A. fifi and 11B. The 
downhde manifdd 612 aWows for conttd d «» produc- 
tk)n d each respective branch weU andpRMides for se- 
ledlve re-entry d Ihe branch wbHs 601 . 3)6 ^ testing 
55 or maintenance equipment which mar ba conveyed 
through production tubing 820 from the surtace. 

In case d remedial wortt in the pananl casing 604. 
the downhde manifdd 612 can isdalethe parent well 
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from the branch wete 801 . 808 by plugging the outlet ol 
the downhole maitfoM 612. Tbift is dona b/ ccnvaying 
a packer through production tubhg 620, and setting it 
in the outlet of downhole manifold 612 before dieoon- 
necting and removing the production tubmg 820. N^es 
conlrottable from the surface and testing equipment can 
also be placed In the downhde equipment The down- 
hole manifold 612 can also be connected to multiple 
completion tubing such thai each branch well 801 . 808 
can be independently connected to the eurlace we(l> 
head. 

The use of a branching sub tor branch well forma- 
tion, as described above, for a triple branch well config- 
uration. aRoMTs the use of dramaticaMy smaller parent 
casing as conpefed to that requfed In the prior ait ar- 
imgetnent of Figures 1 Aand IB. The relationshpe be- 
iwMn the branching sub diameter Os. the maximum eX' 
pamM outlet dtameter Do» and the max'inum <fiameter 
or a oorwentiond axial branch Oe for a two outlet case 
Is shown in FIgurs 13A. and tor a three outlet case in 
Figure 13B. The same kind of analysis applies for other 
multiple outlet arrangements. In comparison to an 
equivalent axial branching that oouM be made ol liners 
packed at the end of the parent cashgi the branching 
weU methods and apparatus of the present invention al- 
Iowa gain In branch cross-sectional area ranging from 
20 to 80 percent 

Rgures 1 4A-14D Ulustrate various uses of two node 
branch well configuratkans according to the inventkxx 
Rgures 14Aand 14B illustrate abranchingsub atanode 
aecordng to the invention. Figure 14C illustrates how 
branch wens may be used to drain a single strata or res- 
ervoir 1100. while Rgura 140 Olustiateethe use d asin* 
gto node by which multiple branch wels are directed to 
dmerenttarget zones 1120. 1140. 1l6a Any branch well 
may be treated as a single wsl for any kitarrentkm. 
plugging, or dbandonniant. saparata from the other 



DeecriptRXi of Altematlve Embodiment of a Branching 
Sub According to the Inventkxi 

a) Oeeeriptksn of Altematlve Branching Sub 

Figures 2DA and 20B show an alternative embocfi- 
ment 3000 of the Inventton of a branching sub. Figure 
20A shows an axtedor view of the blanching sub aOOO 
Inckidlng a housing 3002 having threaded ends 3004. 
3006. The blanching sub 3000 of Rgures 20A. 20B is 
IHustiBted in an expanded or poet-formed state. The 
branching sub 3000 includes a main pipe 3010 wAiteh 
defines a feed through channel 3011 (see Figure 20B) 
and at laast one lateral branching outlet 3012 which de- 
fines a tateral channel 301 3 (see Figure 20B). A branch- 
ing chamber 3006 is defined between the top channel 
3007 and the feed through channel 3011 and lateral 
channel 301 3. A bottom hole assembly (BHA) deflecting 
area 3015 separates main pipe 3010 from lateral 



branchir>g outlet X12 

In a retracted state, the branching sub 3000 may be 
placed in series with sectkms of wed casing and posi- 
tkxied in a borehole Witt Ihe rurmlng of the casing string 
5 k){o the borehole. After placament in the borehole, the 
houshg of the branchng sub 3000 is post-formed so 
that both the feed through channel 301 1 and the lateral 
channel 301 3 (or mult^ brarKhing outlets) are shaped 
to a final geometry which increases resistance to pres- 
10 eure and which maximizes the drift diameter of the lat- 
eral chsmel 301 3 and the feed through channel 3011. 
Longitudinal ribs XI 8 provide strength to the housing 
3002 of the branching sub 3000. Longitudinal rl> 3018 
extends the entire axiallsnatti of the branching sub 3000 
IS and is integral with the BHA deflecthg area 301 5 for a 
distance from the boaom threaded end 3006 of the 
branchfcig eub 3000 to tfie branching chamber 3006. 

Figures 21A-21D schematically aiustiBte the 
branchhg sub 3000 n iU ratracted slate (eee Figures 
20 21A.21B) and In its floqpended state (see Figures 21C. 
21D). In the retracted date shown k\ Figures 21 A. 21B. 
the main pipe 301 0 and the branching outlet XI 2 have 
been pref abrkated so that the maximum outer diameter 
D of the branching sub 3000 Is not greater than the top 
2S threadedend3004orbottomthreadedend3006.Rgure 
218. taken akxig section fne 2tB of Rgura 21 A. 8ius- 
tratss the obtong shape of the teed through channel 
X1 1 of man pipe XIO and of the lateral channel XI 3 
of lateral branching outlet X1Z In the retracted state. 
30 branchiig sub 3000 can be placed between sections of 
borehole casing and nm into an open borehole to ase- 
lected depth. 

Figures 21C and 210 schematically Hkistrate the 
branchkig sub 3000 after « has had Its feed tvough 
3S Channel XII expanded and its lateral Channel XI 3 ex- 
panded. The maxinnum dtameter In the expended state, 
performed downhole. at soctkxi line 21D is D' as com- 
pared to the diameter 0 of the top and bcnom th readed 
ends 3004. 3006 of the branching sub 3000. Figure 21 0 
40 iilustratee that the rnain pipe XIO and the lateral 
branching outlet XI 2 rot only have been expanded out- 
wardly from their retracted state of Figures 21 A. 21 B. 
but that ihey have been substantially ciroutarized. Thus. 
n Rgure 21D. feed ihroufi^ channel XII and lateral 
4S channel XI 3 are characteHzed by substantially dmular 

internal diameters. 

The downhole posMorming method and apparatus 
Hhjslrated and deecrfced ebove by reference to Figures 
7A-7E. 6A. BB, 9 and 10 are used to expand the feed 

so through channel XII and the lateral channel Xia 

The constructkxi of branching sub 3000 is based on 
the combination of m^rial and geomeirfcal properties 
of the BHA deflecting areaXIS. The material is specH- 
cally selected and treated to aRow a targe rate of def or- 

8S mattonwilhoul cracks. The gaometryol the walie such 
that both IIS combined thckness and shape ensure a 
continuous and progressive rate of detormatkxi during 
the expansion. The plastic deformatkm increases the 
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yield strength try cold work effect and hence gives the 
Joint «i acceptable strength that is required to support 
the pressure and liner hanging forces. Figure 22 shows 
that the yield strength after expansion increases wiih the 
rate ol deformation of the outlets. A profaned material 
for use in the poet-forming areas ts a fine gram normal- 
ized caitxxi steel or an austenitic manganese alloyed 
steel that reacts favorably to cold working. A prefen^ed 
constnjctksn method is to manufacture different specific 
co m ponents in order to optimize the materia) and form- 
ing procese of each particular part In a final stage, the 
components are welded together so that the housing 
3002 becomes one single continuous structural shell 

b) Description of Use of Alternative Branching Sub 

Rgure 23 scherratk^lly Bustrates the UM ol the a^- 
temalive branchina sub 3000 as described above. A 
prefened use dthe branching sub 3000 is tor provkfing 
mutlple branches In a parent well Such multiple 
branches may improve the drainage of a subterranean 
formation. 

Before the inventton of the branching sub 3000 c« 
Figures 20A, 2CB and 21 A-21 0. connectbn of a lateral 
branch to a parent vvell has generally made use d an 
arrangement of several pans with sealing d the brancr* 
weR to the parent well wih rubber, resin or cement Such 
[oints require a complex method of instellaton and 
present a risk of hydraufic isolatran faihire after several 
pressure cydes in the well. 

The branching sub 3000 according to the inventkm 
allows lor provkting multple branches from a parsrtf 
casing witti no seafing joint, but with conventional liner 
hangiifl packers and casing joints. The gaometiydthe 
hoiMiig 3002dtw branching sub aoOOaHowB the pres- 
sura fating d the sub and the size of the branch to be 
maximized with fogaid to the parent casing size. Figure 
23 shows an exampledtheusedabranching sub 3000 
where, after expanskjn dowrthde. branch wells 30U 
are provkted to separate parts d the earth's cnjsi by 
mear>s d lateral channels 3013. The branch wells 30* 4 
can be used f or exUactfan, storageor injectwn d vario^ 
fluMssuch as monoor pdy-phasfcfhiWs dhydrocarbon 
products, steam or water. 

c) Oescrvtfen d Deflection Apparatus Old Procedures 

Figure 24 illustrates how a drilling tod 3030 can be 
gukjed or deflected from main pipe 3010 into lateral 
branching outlet 3012 after the branching sub 3000 has 
been expanded downhde. A deflectkig tod 3036 is set 
in mail pipe 3010 by means d elements which cooper- 
ale with the posiltoning groove 3040 and orienting cam 
and stot 3042 Rkistrated schematically. 

Several lateral branching sube can be stacked in 
tandem at a tocatkxi in the wefl or at several places 
along Ihe casing string in order to provkte optimal oorrv 
municatwn with vark>us fomwttons from the parent welt. 



Figure 25 illustrates two branching subs 3000 according 
to the alternative embodiment d the invention eMch are 
connected in tandem ki a caskig string 3300. Where two 
or more branching subs 3000 are connededinacasing 

5 string 3300. each sub can be Oriented wilh He came or 
a different face angle for the lateral branches. Asa con- 
sequence, different an gular orientations fron the parent 
well may be provkled to reach a large vduraa d aubter* 
ranean formations with different lateral braxhes. The 

10 cask>g string 3300 may be oriented verticaiyor horizon- 
tally, or it may be tilted: but the lateral branties may in 
any case extend lateraBy from the parertf casing. Al- 
though departing at a narrow angle from the casing 
string 3300. lateral boreholes from the iataial oulets d 

IS branchkig subs 3000can be drectk3nallydirMtoa ver- 
tical, deviated or horizontal orientatkxt 

FIguree 26A and 26B Uustrate a drifaMs cap 3400 
weWed about the opening d lateral brandling outlet 
3012 ki Its retracted and expanded oondtkne. loepec- 

» tively. When conveying the casing string irtto the bore- 
hde. the cap 3400 isolates the lateral channal 3013 from 
the borehde and maintains a different^ pressure 
across the casing wall which may t>e required tooontrd 
the borehde pressure when casing is conveyed down- 

25 hde. When the lateral branch is to be drilled, a drilling 
tool bores through cap 3400 and intoaformtfionloform 
a lateral branch. 

d) Desaiptkxi d Advantages and Features d 
» Alternative Branchktg Sub 

As mentkxied above, a single branching 3000 
can be provWed with more than one lateral outtal Such 
multiple outlets can be ooplanar with eadi o*ier or non- 
M coplanar. A Single branchmg sub 3000 can be conned* 
ed in tandem with one or more other branchmg subs 
3000 either at its top end or Its bottom end. Abianchlng 
sub 3000 can be provided with a fod at its lower end in 
a similar manner to fod 172 d Figure 8A. 

4© A lateral branching outlet 301 2 d Figt/e 20B may 
suppori a liner hanging packer which holds a fner con- 
nected to the housir^g 3002 in order tc tsdate the 
branching chamber 3008 from the borehote. Appropri- 
ate grooves at the top d the lateral brandling outlet 

4S 3012 may be provkied to secure the finer hanger and 
prevent the liner from accidentalty moving ortdtw out- 
let during the liner setting operation or later. Atemative- 
ly, the interior wall d ihr lateral branching odM 3012 
can be provkM witfiout grooves. 

so The lateral branching outlet 3012 can be leiniinated 
with a lamp that guides the drilBng bit when starting the 
drilling d the lateral borehde. Such ramp can prevent 
the drilling bit from acckientally drilling back tomrd the 
main pipe 3010. 

ss other stnictures may be pronrided inside the 
branchhgchantbef 3008 wchasagukfarKB ramp, sec- 
ondary positioning groove, or the like to ijafidtfe con- 
veying equ^xnent through the feed throjgh channel 



13 



25 



EP0823 534A1 



26 



3011 or towBfd a epecific lateral channel 3013. The 
branching chamber 3006, or the lateral branching outlet 
3012, or the main pipe 3010, can be provided with tenv 
porary or pemianant flowr control devices such as 
valvoB, chokes, or lempoiary or permanent recording 
equipmertt with temperature, pressure or seismic sen- 
sors, for example. The branching chamber 3008 can al- 
so be piovided wfth a production tubmg interlace with a 
flow connector, or a flowdiverter. or an isolating packer. 
A lateral branching outlet 30 1 2 can also be provkSed with 
m\ artifictal IHting devtoe such as a pump, gas mm in- 
jectors, and the like. 

As an altematfve to the apparatus and technk^es 
of FlguffBs 7-1 0 tor expanding the main pipe 3010 and 
the lateral branching outlet 3012. an hflaiable packer 
may be placed on the inskto waR or the main pipe 3010 
or the taterat brmcMng outlet 3012 whereby the expan- 
mm force of the packer is used to expand the Pipes by 
plastie deformatkxi. 

VBilous mo di flcatkj na and aneratkxis in the de* 
serbed methods and apparatue win be apparent to 
thoee skilled in theartof the foregoing descrtptton whk^ 
do not depart from the spirit of the invention. For this 
reason, such changes are desired to be included within 
the ecopa o( the appended claims whk:h induda the only 
limiiatkxia to the present inventran. The descriptivB 
manner which is emptoyed for setting fdnh the embod- 
iments should be Interpreted as illustrative but not limi- 
tative. 



Clalma 

1. Amulliplebfanchhgsubdesignedandanangedfor 
deployment in a borehole oomprieing: 

a branching chamber having an open first end 
of cytindrk^l shape and a second end, said 
branching chamber designed and arranged for 
sealed connectnn at saU first end to casing in 
a borehole; and 

muRiple branching outlet members, each of 
whk:h is intogially connected to sakj second 
end of saki branching chamber, each of saki 
multiple branching outlet memt>ers being In flu- 
M communicatton with said branching cham- 
ber, sakj sub characterized by. 
a retracted poeition for ineertksn into a borehole 
tn whfch each of saU multiple outlet members 
is substantially totatty within an imaginary cyl- 
inder which is coaxial wtth and of substantially 
the same radius as saki first end of saki brandv 
ing chamber; and 

an expanded positksn in which al least one of 
said multiple outlet members extends from sakJ 
branching chamber In a path outwardly of saki 
imaginary cylinder; and 
wherein sakj branching outlet members, when 



in sakj retracted positnn. are ctiaracterized by 
an outer cunred shape when a radial cross-sec- 
tkxi of saU branching outlet members is viewed 
from outsUe saki knaginaiy cylinder. 

5 

2. The sub of claim 1 wherein sakj branching outlet 
members, when in saki retracted positkxi. are char- 
acterized by an outer convex or concave shape 
when a radial cross-section of sakj branching outlet 

10 members is viewed from outsKje sad imaginary cyl- 
inder. 

3. The sUb of clakn 1 wherein sacloutlet members are 
designad and ananged such that ffi sad expanded 

IS positkxveachof sad multiple outlet nnernbers ex- 
tends in an arcuate path from sad bianchmg cham- 
ber outwaidfy of sad knaglnaiy cyMer. 

4. The sub of clakn 1 wherein sad multiple outlet 
20 membeia in sad expanded postton are character- 
ized by a eubstantially circular radial crose^ection- 
al shape. 

5w The sub of claim 1 wherein said multiple branching 
2S outlet members are fomned Of amaterialvwhKh may 
be plastically deformed fay ood forming. 

& The sub of clakn 5 wherein sad material is anal- 
dyed steel with austenttto sinxrture. 

30 

7. The sub of darn 6 whereki sad material is a nickel 
aHoy 

a The sub of dakn 1 wherein each of sad muRiple 
35 branching outlet members is of siMantiaRy the 
same raM cfoss-sectional area 

a Thesubofclaimi wherehetleastoneofsadmul- 
tiple branchkig outlet members is characterized by 
40 a radial cross-eectdnat area which is greater than 
at least one other of sad muttole branching outlet 
members. 

1 a The sub of claim 1 further comprising a leg member 
45 carried substantially axially downwardly from sad 
second end of sad branching chamber and a foot 
disposed at a distal end o( sad leg. 

11. Theeubofclaimi whereki acentraisupportragdn 
so is defined al sad eecond end of sad branching 
chamber between dtegral connections of sad mul- 
tiple branching outlet members to sad second end, 
and further comprising: 

SB an extenskxi leg carried from sad central sup- 

port regdn which extends axially beyond sad 
multiple branching outlet members; and 
a toot disposed at a distal end ol sad leg. 
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12. Abrmhing sub designed and arranged for deploy- 
ment in a borehole oomprising: 

»i integral housing having a top end and a bot- 
tom end and which defines a branching cham- 
ber, a main pipe, and a branching outlet, with 
said main pipe and said branching outlet each 
being longitudinally below said branching 
chamber aid each be'ng in fluid communica- 
tion with said branching chamber, 
said top end of said housing being above said 
branching chamber and being adapted for con- 
nection to borehole casing, and wherein said 
lop end is chamderized by a connection diarrv- 
oler. 

aaid branching sub characterized by a retracted 
state for insertion Into a borehole h w^ich the 
bvgest diameter or said housing at any position 
^tong ks Icngiludinal length is no greater than 
said connection diameter and 
m expanded state in which said branching out- 
W extends outwardly from said branching 
chamber with a diameter of said housing in said 
expanded state being greater than said con- 
nection diameter. 

13. The branching sub of claim 12 herein said main 
3«pe has an end which defines said bottom end of 
said housing and which extends longitudinally be> 
cm an end of said branching outlet. 

14 The branching sub of claim 12 wherein said main 
pipe has threads provided at said bottom end for 
cxmaction to borehole easing beiowL 

IS. Ihalranchlngaubarclalm 14 where in the retract- 
ed state said main pipe is characterized by a circular 
nside radial section shape at said bonom end and 
ay a non-circular inside radial section shape at a 
on^tudtnat position beloweaid branching chamber 
and above said bottom end. and said branching out- 
et is characterized t>y a non-circular inside radial 
section shape at a longitudinal position below said 
oranching chamber. 

1& Theb«whingsubolclalm15whereintheexpand- 
ed state said branching chanter and said main 
pipa are characterized by a eubstantially constant 
ftrst dtameter of a circular inside radial shape from 
said top end to said bottom end. and said branching 
QUtM is characterized by a substantially constant 
second diameter of a circular inside radial shape 
froni said branching outlet end to said branching 
chainber. 

17. The branching sub of claim 13 further comprising a 
5rst longitudinal rib which is integral with said hous- 
ng ml which extends from said bottom end to said 



top end in a path along the exterior of eaid housing. 

ia. The branchingsub of claim 17 further comprising a 
second longitudinal rib. spaced pertpherally from 
5 said first longitudinal rib which eoOends from said 
bottom end to said top end in a path along the ex- 
terior of said housing. 

19. The branching sub of claim IB further comprising a 
10 detlectbigstnicture which separates said main pipe 
from said branching outlet from said branching 
chamber longitudinally downward to said end of 
said branching outlet 

rs 20. Thebrmhingsubofclaimiafurtheroomprisinga 
driltable cap secured to said end or aaid branching 
outlet 
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